Introduction
Physical activity has an important part to play in the prevention of diabetes complications and in the management of type 1 and type 2 diabetes mellitus (1, 2) . To attain desired health outcomes, school-age youth are recommended to engage in moderate to vigorous physical activity 60 minutes or more per day (3) . Swedish guidelines for diabetes care recommend regular physical activity for patients with type 1 diabetes (4). Physical activity benefits the lipid profile and blood pressure (1) , and improves endothelial function (2) all of which are of great value in reducing diabetes-related complications such as cardiovascular disease.
Furthermore, physical activity increases insulin sensitivity, improves physical fitness and increases psychological well-being in patients with type 1 diabetes (2).
Another possible health benefit of physical activity is better metabolic control, with reduced glycosylated hemoglobin (HbA1c). Several studies have focused on the correlation between physical activity and HbA1c. Some have succeeded in showing a significant HbA1c-lowering effect of physical activity (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) , whereas others have failed do so (16) (17) (18) (19) (20) (21) (22) . HbA1c is a main variable in pediatric diabetes care. Prospective randomized trials suggest a strong, exponential association between high long-standing HbA1c levels and increased risk of diabetic microangiopathy (23) The aim of the present study is to evaluate associations between physical activity and metabolic control, measured by HbA1c values, in children and adolescents with type 1 diabetes in Sweden.
Material and Methods

The Swedish pediatric diabetes quality registry
Outpatient attendance data from all Swedish pediatric diabetes centers (n=43) are registered in the Swedish pediatric diabetes quality registry, SWEDIABKIDS (24) , which was set up in 2000. In Sweden, pediatric clinics treat all children and adolescents aged 0-18 years with diabetes from defined geographic areas. Thus the registry includes data on almost all (around 99 %) of the children and adolescents with diabetes in Sweden. In 2010, the registry included data from more than 235,000 outpatient visits. There are no data on the ethnic origin of individual children in SWEDIABKIDS as Swedish legislation prohibits the registration of such data. From an ongoing study, however, in which the registry is linked to other registries, it is known that only 6.8% of children with type 1 diabetes in Sweden have two parents originating from outside the country.
From 2000 to 2007, data were registered locally in a specially designed program for childhood diabetes. The registry has been web-based since 2008 and is available to all pediatric diabetes centers in Sweden. SWEDIABKIDS is financially supported by the Association of Local Authorities and Regions, SALAR, which represents the governmental, professional and employer-related interests of Sweden's municipalities, county councils and regions (25) . SWEDIABKIDS has the status of a national quality registry. On being diagnosed with diabetes, patients are informed by the diabetes team about the registry and that the clinical variables in the registry may be used for research after approval by an ethics committee. Patient consent is then requested. The study protocol was approved by the regional ethics committee in Uppsala, Sweden.
Methods
All laboratory methods used in Sweden are standardized through EQUALIS (External Quality Assurance in Laboratory Medicine in Sweden). The data on HbA1c obtained from SWEDIABKIDS were derived from capillary blood samples measured with the Bayer/Siemens DCA-2000 analyzer (Erlangen, Germany) or using local laboratory methods (high-performance liquid chromatography) (26) . HbA1c values will be presented in NGSP units (%), followed by IFFC units (mmol/mol) within parentheses: 58 mmol/mol (IFCC) corresponds to 7.5% (NGSP), whereas 10 mmol/mol is approximately 0.9% (27) .
Material
According to Swedish guidelines, children with diabetes visit the diabetes center at least four times/year up to 18 years of age (28) . At these visits HbA1c and other clinical variables such as insulin dose, weight, and height are measured. Data on BMI and BMI-SDS are calculated (29) . Weight and height are measured by the nurses in the diabetes team. The patients also report severe hypoglycemic episodes (defined as requiring assistance from another person, occurrence of seizure or loss of consciousness) and diabetic ketoacidosis, and how frequently they participate in physical activity on a weekly basis. Data on physical activity are registered for children and adolescents older than 7 years of age. To ensure that the registry is as reliable as possible the patients are actively asked by the members of the diabetes team about hypoglycemic episodes, and the type and duration of the physical activity they have engaged in.
In the present study we grouped the patients by frequency of physical activity lasting at least 30 minutes each occasion as follows: PA0, none, PA1, less than once a week, PA2, 1-2 times per week, PA3, 3-5 times per week, and PA4, every day. The definition of at least 30 minutes of physical activity leading to breathlessness has been used in The Health Behaviour in School-aged Children Questionnaires by WHO in healthy children conducted in 3-year cycles in over 30 countries (30) and by the international Hvidoere Study Group on Childhood Diabetes (18) We have limited our material to include data from 2010-2011 only. Within that time period, SWEDIABKIDS contains data on 7,144 children and adolescents, 7-18 years old, with type 1 diabetes and a total of 43,612 visits. In the present study we included only visits where HbA1c had been registered. We excluded patients who are likely to be in remission (insulin dose < 0.5 units per kilogram per day and/or disease duration of less than one year). From this defined study population (n=6,483, visits=34,618), we selected all children and adolescents for whom physical activity had been registered, i.e. 72% of the patients. Thus for 28% of the patients in the registry, physical activity is not registered. Data on 4,655 children and adolescents and a total of 16,891 visits remained after the above exclusions. The number of visits per patient within the defined time period varied between 1 and 27 (median: 5).
So that patients with a high number of visits would not have too great an impact on the association, we decided that each individual should only contribute once to the analyses. In line with this decision, mean HbA1c was used to summarize each patient level of HbA1c and mean PA were used to summarize level of PA. Mean were also used to summarize other continuously measured factors such as age, disease duration, insulin dose and BMI-SDS.
Insulin methods were summarized for each patient as injection at all visits, pump at all visits or both methods used. Episode of severe hypoglycemia the past month and smoking habits were summarized in a similar way. The clinical data from these 4,655 patient visits were analyzed in the present study. The study population was stratified by gender and age in the following age groups: 7-10, 11-14, and 15-18. For comparison, we summarized in the same way the remaining patients for whom physical activity had not been registered at any of their visits.
Statistical analyses
Linear regression was used to evaluate the association between mean level of physical activity and mean of HbA1c (according to IFCC), with physical activity measured as a linear association of HbA1c. Unadjusted regression analyses were performed on the whole dataset as well as stratified by sex and age groups. We also performed regression analyses adjusted for gender and mean age, and for other potential confounding factors that were statistically significantly associated to physical activity (Table 1) as well as number of visits. Due to only <1% smokers among patients younger than 15 years we only adjusted for smoking habits when analyzing age group 15-18 years All variables were analyzed on a categorical scale apart from physical activity and insulin dose, which was analyzed on a linear scale. 
Results
Clinical characteristics
Data from 4,655 visits were included in the analysis. The mean age of the patients was 14.3  3.1 years with a median diabetes duration of 5.7 years (1.0 -17.7.y) and a mean HbA1c of 8.1  1.2 (65 13 mmol/mol). When the data were stratified by gender and age, we found that the HbA1c level increased with increasing age. Furthermore, girls in age group 15-18 y had 0.30 % (3.3 mmol/mol) higher HbA1c than boys in the same age group (p < 0.001). In the other age groups, there was no statistically significant gender difference. The majority (49%) of the children and adolescents were between 15 and 18 years of age (18% aged 7-10, 33% aged 11-14). The clinical characteristics are presented in Table 1 .
Level of physical activity
Mean physical activity of 1-2 times per week (PA2) or more was reported by 89% of the subjects and 3-5 times /week (PA3) or more by 56%. Lower physical activity was reported more by older children and adolescents (p < 0.001), the mean age varying from 13.3 years in PA4 to 16 .3years in PA0.
The boys were slightly more active than the girls, with 58% of the boys in PA3-PA4, compared with 53% of the girls (p < 0.001). Disease duration was one year longer in the group with the lowest physical activity level than in the group with the highest level of physical activity, 6.5 and 5.2 years, respectively, (p < 0.001). There was no statistically significant difference in BMI-SDS, but the number of smokers differed between the various physical activity groups. Among the patients in PA0, 19% were reported to use cigarettes at all visits compared with 1% in PA4 (p < 0.001). Data on smoking habits were not reported for 33% of the patients analyzed, mainly by younger patients.
Association between physical activity and HbA1c
The mean HbA1c differed between the groups with different physical activity levels, as shown in Table 1 . We found a higher HbA1c level in the groups that were least physically active (PA0: 8.8%  1.5 (72 mmol/mol  16 )), compared with the more physically active groups (PA4: 7.7 %  1.0 (60 mmol/mol  11)) (p < 0.001). The association between physical activity and HbA1c was statistically significant after adjustment for age and gender, with a mean decrease of HbA1c with a β-coefficient -0.26 (95% CI: -0.29 to -0.22) for one unit increase of physical activity. After adjustment for disease duration, insulin dose, insulin method, hypoglycemia and number of visits, the association was still statistically significant with β-coefficient changed to -0.21 (95% CI: -0.25 to -0.18)( Table 2 
Association between physical activity and insulin treatment
The data showed a decline in insulin dose when comparing the least active (1.00 IU/kg per day) with the most active group (0.91 IU/kg per day) (p < 0.001). Severe hypoglycemic episodes were more frequent among the most physically active patients (p = 0.005).
Comparison between groups with data on PA and those without data on PA Table 1 shows that the patients for whom PA had been registered are similar in terms of age and gender to the patients with no physical activity registered. Moreover, their mean HbA1c values are the same (8.1  1.1% (65  12 mmol/mol) in both groups) ( Table 1) .
Discussion
Our population-based study of data from 4,655 children and adolescents with type 1 diabetes in the Swedish quality registry demonstrates a statistically significant inverse dose-response association between the amount of physical activity and HbA1c. Our results indicate significant associations between physical activity and HbA1c levels in patients with type 1 diabetes. This association could be explained by increased insulin sensitivity and improved glucose uptake in muscles, reflected by a reduced need for insulin and a lower HbA1c level in active adolescents with diabetes. Physical activity is also associated with increased healthrelated quality of life (31) , which probably makes it easier for the patients to manage their diabetes. This effect was found in both sexes in all age groups but the youngest girls, 7-10 years of age. Among the youngest boys there was a statistically significant association, although it was much weaker than in the older age groups. The findings in the youngest age group might suggest that physical activity has a less HbA1c-lowering effect in this group. This may be due to the already rather low HbA1c values obtained in this young group or to methodological difficulties in differentiating PA from spontaneous play.
Most of the previous publications supporting an association between PA and HbA1c have been cross-sectional studies based on questionnaires, whereas the studies that failed to demonstrate a correlation mainly were intervention studies, assessing either the effect of an exercise program on HbA1c level during a defined time period or the amount of physical activity participants engaged in over a few days measured with an accelerometer. The use of different methods of assessing PA and/or small study populations might explain the conflicting results. One of the studies that revealed a statistically significant correlation between physical activity and HbA1c is a large German cross-sectional questionnaire study (6) .
We are aware that the use of self-report questionnaires is not optimal (32) and that our results therefore need to be verified by objective methods. The registry and the different diabetes teams try, however, to make the measurements more reliable by actively asking the patients about the self-reported data. Another limitation of this study is the lack of information about the ethnic background of individual patients. We are aware, however, that the frequency of children with type 1 diabetes of non-Swedish origin is low. The registry also lacks data about the frequency of SMBG, which has recently been shown to be strongly associated with HbA1c (33). The strength of our study, however, is the large population-based population and a longitudinal analysis of associations between changes in PA and HbA1c.
There is also a discrepancy in terms of how the different diabetes centers have reported the data on physical activity. For 28% of the children, physical activity was not registered. As this is a substantial fall-off, we decided to include a 'PA unknown' category in our presentation to compare our results with the data from the part of the study population for whom physical activity had not been registered. As the results showed, the two groups have similar clinical characteristics and the same mean HbA1c value. It is, therefore, reasonable to suggest that our results are applicable to the entire study population.
As shown in Fig. 1 the declining trend in HbA1c level with each level of higher physical activity was not evident between PA0 and PA1. One reason for this result in the stratified analysis could be the low number of patients included in PA0 and PA1. Another reason might be the way these groups are categorized: PA0, none; PA1, less than once a week. The groups are quite similar and could well be grouped together in our opinion. However, we chose this categorization in the present study as it is the categorization used in the registry.
The children and adolescents who reported a higher level of PA also reported a higher number of severe hypoglycemic episodes. This suggests that pediatric diabetes care should include knowledge of how to adjust food intake and insulin dose in relation to PA and promote the use of self-monitoring of blood glucose to avoid high and low blood glucose levels.
We have identified a risk group in terms of diabetes complications that might require special attention from diabetes treatment professionals. This group has a higher mean HbA1c level and includes a high proportion of children and adolescents who are smokers and physically active to a very low degree.
We believe that more studies with objective methods in large populations are required to validate or refute the inverse dose-response relationship between physical activity and HbA1c. Nevertheless, our study indicates that a higher level of physical activity is associated with better metabolic control. Physical activity should be recommended for all patients with type 1 diabetes and our exercise promotional tools in the clinic should be focused on female adolescents with a long disease duration who seems to be less active group. 
